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INTRODUCTION
JPET # 89847 5 area without reduction of elevated cholesterol. However Thomas et al (Thomas et al., 2001) have shown that vitamin E had a moderate antiatherogenic effect located only in the aortic root when ApoE KO mice were on a high-fat diet.
The purpose of the present experiments was to test the hypothesis proposed by Cristofori et al (Cristofori et al., 2000) that it is unlikely that the anti-atherosclerotic properties of lacidipine could be related to the well-known antihypertensive effect of the drug, since the dosage they used (3.0 mg/kg per day) did not affect blood pressure values in ApoE-deficient mouse. Indeed, lacidipine has an antioxidant capacity comparable to Vitamin E (van Amsterdam et al., 1992) and the dose of 3.0 mg/kg per day appears to be bioequivalent as antioxidant to the amount of Vitamin E supplemented by Pratico et al in ApoE-KO mice fed a normal diet (Pratico et al., 1998) . Experiments were designed in order to evaluate the antiatherosclerotic action of lacidipine in male ApoE-deficient mice, so avoiding the effect of estrogens on atherosclerosis (Bourassa et al., 1996) . Mice were fed high-fat diet in order to appraise the action of the CCB in condition reducing the protective action of antioxidant (Thomas et al., 2001) . We compared male ApoE -/-mice exposed for 8 weeks to a lipid-rich Western-type diet (WD) with or without lacidipine 1 and 3 mg.kg-1 .day-1 (Lac1 and Lac3) to JPET # 89847 histological methods. Briefly, sections (7 µm) of frozen kidneys from all treatment groups were stained with either hematoxylin-eosin or with Masson's trichrome solution (for better staining of extracellular matrix proteins). Masson stained preparations were viewed with light microscopy at x 40. Sections of kidneys were examined on a blinded basis for the level of glomerular and microvascular injury. Forty-five samples (containing at least 20 glomeruli per sample) were studied in each group. The proportion of glomeruli expressing increased extracellular matrix deposition was calculated in each group.
Sections of kidneys stained with hematoxylin-eosin were examined on a randomized basis for the size of glomeruli area and of intrarenal arteries. Intrarenal arteries were examined with regard to the size of the lumen and the vessel wall in the sections used for glomeruli studies. Objects selected were sections perpendicular to the longitudinal axis of the artery without visible atheromatous lesions showing a regular pattern. For microscopic imaging a MeOpta objective (10x, NA 0.30) was used in a MeOpta microscope. The detection system was based on CCD Minitron connected to Miro Video DC30 framegraber, interfaced to PC (Pentium II). All images were digitized with 24-bit resolution (768x576 pixel, 96dpi).
Captured image sequences were pre-processed with image-analysis software (Pentium IV) in Impor 4.0 professional (Kvant, s.r.o.) and in Adobe Photoshop 5.0 LE. The size of objects was estimated by processing image pixel as described above. Data were expressed in µm 2 .
Vascular reactivity
Aortic arch was placed in a physiological solution (mmol/l: NaCl 118.6, KCl 4.7, CaCl 2 2.5, MgSO 4 1.2, KH 2 PO 4 1.2, NaHCO 3 25.1 and glucose 11.1), on a silicone plateau on ice.
Adventitial tissue was removed very carefully avoiding damage of endothelium and one ring of 2.5 mm long was cut in the ascending part.
Rings were mounted onto small Ni-Co/Fe metal triangles connected to an isometric force transducer in a glass chamber containing 20 ml of physiological buffered solution heated to 37°C and aerated with the a mixture of 94% O2 /6% CO2, pH 7.4). Resting tension was set to 10 mN. Indomethacin (10 -5 mol/l) was included in all solutions to avoid prostaglandinmediated effects. During one-hour resting period, the solution was changed every 20 min. The artery contraction was induced by the addition of norepinephrine at concentrations varying from 10 -9 to 3x10 -6 mol/l. A dose-dependent response to Ach was elicited within a concentration range comprised between 10 -9 -3 x 10 -6 mol/l when the response to This article has not been copyedited and formatted. The final version may differ from this version. 
RESULTS
Biometric parameters.
The SBP (Table 1 ) of 8 weeks old ApoE -/-mice was equal to 101 ± 0.49 mmHg (n= 36). After 4 weeks treatment, there was no significant difference between the two ND and WD groups, but after 8 weeks, SBP amounted 120 ± 0.96 mmHg in the WD group against 108 ± 1.0 mmHg in the ND group (n=12, ***p< 0.001). This was accompanied by cardiac hypertrophy: the relative cardiac mass (mg.g -1 ) was equal to 5.5 ± 0.2 (WD) against 5.0 ± 0.1 (ND) (n = 12, *p< 0.05).
In lacidipine-treated WD mice, there was a significant reduction of the SBP, when compared to lacidipine-untreated group; this reduction was dose-dependent (difference between Lac 1 and Lac 3: ***p > 0.001). The relative cardiac mass (mg.g -1 ) was reduced down to 4.6 ± 0.1 with lacidipine 1mg.kg -1 . day -1 (***p< 0.001). Reduction of cardiac hypertrophy was similar with the two dosages of lacidipine. At the end of the treatment period, the body weight was not significantly different in the various groups studied (Table 1) .
Biochemical measurements
Plasma levels of total and LDL-cholesterol were markedly elevated in ApoE-deficient mice exposed to Western-type diet as compared with ApoE-deficient mice fed normal diet (***p<0.001, Table 2 ). In WD ApoE-deficient mice, treatment with lacidipine had no effect on plasma levels of total, VLDL+ LDL-cholesterol (Table 2) JPET # 89847
affected by the treatment with lacidipine ( Fig. 3) . Results of morphometry of en face aortic preparations are reported in Table 3 . The extent of atherosclerosis was increased by Westerntype diet. This increase was prevented significantly to a similar degree by both dosages of lacidipine. This effect of lacidipine, which was detected after 8 weeks treatment, was Vascular morphometry.
Observations of vessels morphology in WD ApoE-deficient mice compared with ND ApoE-deficient mice revealed vascular changes, consisting of increased thickness of the tunica media of intrarenal arteries accompanied by luminal narrowing. An equal number of vessels with an external diameter comprised between 150 and 55 µm was randomly selected in each group. The median value of their external diameter amounted 100 µm. Quantitative analysis showed that luminal narrowing, increased thickness of the tunica media, and a consequent significant increase of the wall-to-lumen ratio due to Western-type diet were significantly prevented by lacidipine (Table 4) .
DISCUSSION
This article has not been copyedited and formatted. The final version may differ from this version. et al., 2004) . This cascade seemed to be present in ApoE-deficient mice exposed to Western diet in which we noted a positive correlation between PRA and ET-1 plasma levels (Fig. 5a ). Endothelin antagonists may reduce the development of atherosclerosis, indicating a role for this peptide in the pathogenesis of this process (Barton et al., 1998) .
Therefore prevention of Western-type diet-induced atherosclerosis by lacidipine might at least partly be related to reduction of PRA and subsequently of ET-1 production, hypothesis , 2002) . We have reported that Vitamin E and CCBs including lacidipine reduce plasma LDL oxidation as well as formation of oxidation-specific epitopes in arteries of SHRSP (Napoli et al., 1999) . In the present experiments, we observed that the reduction of SNAP-evoked relaxation in WD mice was suppressed after SOD treatment, indicating that loss of responsiveness to SNAP was due to NO destruction by ROS (Fig.2) . It is likely that lacidipine prevented the reduction of endothelium-dependent vasorelaxation and the loss of sensitivity to the NO donor SNAP observed in aortic arch isolated from mice exposed to Western-type diet by reducing oxidative stress either by its those involved in the tissue selectivity of CCBs (Godfraind, 2004) . This hypothesis deserves further investigations.
In summary, we observed that lacidipine was acting as a highly powerful antiatherosclerotic agent in ApoE-deficient mice fed a Western-type diet. This action was associated with preservation of NO-dependent vascular relaxation and renoprotection. We concluded that inhibition of Western-type diet-evoked alterations was related to both antioxidant and vasoactive properties of this calcium channel blocker.
This article has not been copyedited and formatted. The final version may differ from this version. followed by Bonferroni's correction for multiple comparisons with Graph Pad Prism software. Significant differences were found between vessels from WD ApoE -/-mice and vessels from other groups (**p<0.01).
Inset shows relaxations evoked by SNAP 10 -8 mol/l in aortic arch segments isolated from ND ApoE-deficient mice (n = 6) and WD ApoE-deficient mice. Preparations of WD mice were compared without (n = 6) or after incubation with SOD (n = 6). Significant differences were observed between vessels from WD ApoE -/-mice and vessels from other groups (**p<0.01). a-correlation between PRA and plasma levels of ET-1 (see Table 2 ). Lac 3 = lacidipine given at 3 mg.kg 
ET-1(pg/ml)
PRA
(ngAI/ml/h) ).
Each value represents mean ± S.E.M. The number of mice n is n=3 in each group.
Area values are expressed in µm 2 , the number of vessels randomly examined equals 5 in each mouse.
Difference between WD and other groups: (*) p<0.05, (**) p< 0.01, (***) p< 0.001, ND WD WD + Lac 1 WD + Lac3
